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Abstract 
There is convincing evidence that anxious children and adolescents are biased to 
interpret ambiguity in a negative way (Stuijfzand, Creswell, Field, Pearcey, & Dodd, 2017). 
However, little research examines interpretation bias in children under eight years. This is 
due to existing measures of interpretation bias being inappropriate for young children. 
Consequently, we aimed to develop a new interpretation bias task for young children using 
tones. Children learnt to associate high tones with a ‘happy alien’ and low tones with an 
‘angry alien’. They were then asked to classify tones from the middle of the frequency range 
(ambiguous tones) as ‘happy’ or ‘angry’. Corrugator muscle activity was recorded alongside 
behavioural responses.  
A community sample of 110 children aged 4 to 8 years, split into high and low 
anxious groups, completed the task. High anxious children were more likely to interpret the 
ambiguous tones as negative but this effect was small and only apparent after controlling for 
developmental factors. Corrugator activity aligned with behavioural responses for trained but 
not ambiguous tones. This is the first study to assess interpretation bias in young children 
using behavioural and physiological measures. Results indicate the task is developmentally 
appropriate and has potential utility for future research.  
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Introduction 
Children as young as three show symptoms of anxiety (Egger & Angold, 2006), and 
anxiety disorders have been shown to be common in early and middle childhood (Cartwright-
Hatton, McNicol, & Doubleday, 2006). Anxiety in children negatively affects school 
attendance and social competence (Settipani & Kendall, 2013; Velting & Albano, 2001). Left 
untreated, anxiety disorders are associated with depression and suicidal ideation in later life 
(c.f. Kendall, Safford, Flannery-Schroeder, & Webb, 2004). Understanding how anxiety 
develops and the mechanisms by which it is maintained may help us develop effective 
preventions and assist children onto a healthy trajectory.  
Cognitive biases are implicated as having a predisposing (Bar-Haim, Lamy, 
Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007; Eysenck, 1997; Eysenck, 1992; 
Williams, Watts, MacLeod, & Mathews, 1988; Williams, Watts, MacLeod, & Mathews, 
1997), causal (Beck & Clark, 1997) and or maintaining role in anxiety (Bar-Haim et al., 
2007; Eysenck, 1997; Eysenck, 1992; Mogg & Bradley, 1998; Williams et al., 1988; 
Williams et al., 1997).  
Interpretation bias is a cognitive bias where there is an increased likelihood of 
interpreting ambiguity as negative/threatening. A recent meta-analysis found a robust 
association between interpretation bias and anxiety in children and adolescents (Stuijfzand, 
Creswell, Field, Pearcey, & Dodd, 2017). Stuijfzand et al. (2017) also found that age 
moderated this association, with a stronger association found between negative interpretation 
bias and anxiety in older children/adolescents. However, because current methods of 
measuring interpretation bias rely on written tasks that require relatively advanced cognitive 
development and/or literacy often with verbal responses, very few studies included 
participants under 8 years. Thus, it is not clear whether an anxiety related interpretation bias 
exists in young children or if the association emerges as children develop, as suggested by the 
moderation effect reported by Stuijfzand et al. (2017)  
Field and Lester (2010) describe three models of the role of development in the 
relationship between cognitive biases and anxiety. In the first, biases are present early, are 
unaffected by development, but the extent to which they are manifest is influenced by 
individual factors such as anxiety (integral model). In the second, all children have biases 
early on but only those with certain individual factors (influenced by social, emotional and 
cognitive development) retain the biases as they age (moderation model). In the final model, 
biases emerge as a function of children’s emotional, social and cognitive development. 
Anxiety may be a cause or a consequence of the emergence of these biases (acquisition 
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model). Field and Lester (2010) suggested that an acquisition model was best supported by 
the available evidence. The moderation effect reported by Stuijfzand et al. (2017) is 
consistent with an acquisition model, but more research with young children is required in 
order to confirm this. 
Age is of course, only a proxy for development, and showing age effects does not 
give any insight into the underlying developmental processes. Effortful control is a 
developmental factor that may be important in the development of interpretation bias. 
Effortful control has been defined as the ability to inhibit a dominant response to perform a 
subdominant response, to detect errors, and to engage in planning (Rothbart & Rueda, 2005). 
Effortful control may also be needed to regulate oneself in response to threat stimuli. 
Sufficient abilities to control attention and use inhibition may also be required to process the 
threat level of stimuli. Effortful control develops considerably before age 8 (Rothbart & 
Rueda, 2005) with some components (focusing and inhibition) showing relative stability 
from around age 7 with little difference to adult proficiency (Eisenberg, Smith, Sadovsky, & 
Spinard, 2004; Mezzacappa, 2004). Kindt and van den Hout (2001) proposed that the 
development and use of effortful control helps most children to inhibit their instinctive bias 
towards threat and that children who are unable to inhibit this bias are at increased risk of 
developing anxiety disorders. Thus, effortful control may influence the association between 
interpretation bias and anxiety in children. Indeed, there is evidence that effortful control may 
moderate the association between interpretation bias and anxiety in children (Salemink & 
Wiers, 2012). Given the potential influence of effortful control on the relationship between 
interpretation bias and anxiety in children it seems pertinent to consider effortful control as a 
potential moderator.  
Empirical tests of Field and Lester’s (2010) models of development, cognitive bias 
and anxiety in children have been limited because of measurement limitations. Although 
child anxiety can be measured by proxy (i.e. parent report) current measures of cognitive bias 
rely heavily on the child’s verbal and cognitive skills. For example, self-report measures, e.g. 
the Child Ambiguous Scenario Questionnaire by Barrett, Rapee, Dadds, & Ryan (1996) 
requires children to imagine situations, generate and hold multiple outcomes in mind, and to 
select a preferred interpretation from various alternatives. In this task children hear or read an 
ambiguous story and have to choose or produce an interpretation of what they think may be 
happening. Others explicitly make use of lexical knowledge, e.g. the homophone task by 
Gifford, Reynolds, Bell, & Wilson (2008). Here children hear a word that could be 
interpreted as having a threatening or none threatening connotation and children must select a 
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picture to match the word they heard. Some tasks to assess interpretation bias have been 
developed with younger children in mind, for example the Story Stem Task (Dodd, Hudson, 
Morris, & Wise, 2012) and the Nature Reserve Task (Field & Storksen-Coulson, 2007) but 
while they do not require a verbal response from the child they still rely heavily on language 
comprehension. For example, the Story Stem Task requires children to play out the ending to 
an ambiguous story which is started for them by the experimenter. In the Nature Reserve 
Task children are given threat-related information about a novel animal and then avoidance to 
that animal is subsequently assessed (Field & Storksen-Coulson, 2007). This reliance on 
language ability means interpretation bias can only be assessed in children who can 
understand the task, which limits the age range of participants and leads to significant data 
loss (e.g. Dodd et al., 2012 report that data was only available for 65% of their participants).  
As a result we do not have a clear understanding of whether an anxiety-linked interpretation 
bias is present in younger children.   
This study aims to assess interpretation bias in 4 to 8 year olds using a new child-
friendly task. Children are first taught to associate different tones with the emotion of an alien 
(happy- positive or angry-negative) and are then presented with tones (high, mid and low 
frequency) and asked to say if the alien is ‘happy’ or ‘angry’.    
We first aim to assess if children aged between 4 and 8 years can complete the tone 
task and if the task is appropriate for measuring interpretation bias. We will conclude that the 
task is suitable for assessing interpretation bias in young children if the following criteria are 
met: 1) children are able to achieve an accuracy rate of  >60% during the training trials and 
can maintain this learning criteria to the trained tones throughout the task; 2) responses to the 
trained tones are not dependent on level of anxiety, non-verbal or verbal cognitive abilities or 
moderated by age or effortful control;  and 3) non-verbal and verbal abilities do not predict 
children’s responses to the ambiguous tones.  
We will also assess the validity of a physiological measure of ambiguity; corrugator 
activity. The corrugator is the small muscle behind the eyebrow that is activated when we 
frown. Corrugator activity has been shown to differentiate between visual and auditory 
stimuli with different valances in adults (Tan et al., 2011, 2012; Dimberg, 1990; Hawk, 
Fischer, & Van Kleef, 2012) and children (e.g. Deschamps, Schutte, Kenemans, Matthys, & 
Schutter, 2012; Tottenham, Phuong, Flannery, Gabard-Durnam, & Goff, 2013). Greater 
corrugator activity has been found in response to negative stimuli. The corrugator has also 
been found to react to stimuli perceived in a negative way, reflecting the individual’s 
subjective experience of the stimuli (Dimberg, 1990; Tan et al., 2012). Recording corrugator 
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activity may provide a unique way to measure children’s interpretation of ambiguous 
material that is not reliant on self-reports from young children and is free from demand 
characteristics. It is hypothesised that there will be more corrugator activity when children 
hear tones associated with an angry alien than tones associated with a happy alien.  
Next, we will investigate if symptoms of anxiety are associated with responses to the 
ambiguous tones. It is predicted that children with high anxiety will be more likely to report 
the ambiguous tones as ‘angry’ than low anxious children. Additionally, it is expected that 
children in the high anxious group will show more corrugator activity when presented with 
the ambiguous tones, possibly indicating a negative bias.  
 The moderating effect of age and effortful control on the relationship between 
interpretation bias and anxiety will be examined. Based on the meta-analysis of Stuijfzand et 
al. (2017) we tentatively hypothesise that the strength of the association between responses to 
the ambiguous tones in the task and anxiety will increase with age. Finally we will control for 
traits of Autism Spectrum Disorder (ASD) because these are often comorbid with anxiety in 
children (van Steensel, Bögels, & Perrin, 2011) and the task involves emotion judgements in 
a social context, which may be affected by ASD traits.  
Methods 
Participants 
Participants were recruited via a range of community groups and schools as well as 
advertisements and leaflets in public places and local media. Parents of 351 children 
registered an interest in the research and completed a measure of child anxiety: the Preschool 
Anxiety Scale (PAS; Spence, Rapee, McDonald, & Ingram, 2001) was completed for 
children aged 4-6 years and the Spence Children’s Anxiety Scale (SCAS; Nauta et al., 2004) 
was completed for children aged 7 or 8 years. Children identified by parents as having a 
diagnosis of Autism Spectrum disorder, Attention Deficit Hyperactivity Disorder, or as 
having a Learning Disability were not invited to participate because these conditions have a 
propensity for anxiety and/or particular cognitive processing difficulties that could influence 
findings (n = 8). One hundred and fourteen children were identified as having elevated 
symptoms of anxiety (1SD above the existing normed mean as reported on 
https://www.scaswebsite.com) or as having low levels of anxiety (below the existing normed 
mean as reported on www.scaswebsite.com) and agreed to take part.  
One-hundred and ten children completed the task (44 females, Mage = 5.69, SD = 
1.34). Of these, 97 learnt the associations necessary to complete the task. There were no 
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differences in age  (t(108) = -1.791, p = .076), level of anxiety (!"(1) = .50, p = .481), or 
gender (!"(1) = .23, p = .630) between those who learnt the associations necessary to 
complete the task and those that did not. The 97 that learnt the associations necessary to 
complete the task made up the final sample (38 females, Mage = 5.08, SD = 1.19, age range 4 
to 8 years). The final sample included 62 high anxious and 35 low anxious children.  
In the final sample, the majority of parents were female (95%) and reported they were 
the primary caregiver (97%). Ethnicity data was available for 32 children, 94% of whom 
were White British (remainder were White British with Arabic 3%; Australian 3%). Within 
the sample there were twelve sibling pairs thus 85 families were represented by the sample.  
Measures: Parent completed 
Spence Child Anxiety Scale (Preschool version; PAS and child version; SCAS). 
Parents of children aged 4 to 6 years completed the PAS, a 28 item questionnaire 
answered on a five point Likert scale from 0 (Not true at all) to 4 (Very often true) (minimum 
= 0, maximum = 112). The measure has strong psychometric properties aligned with DSM-
IV diagnoses and good construct validity (Spence, Rapee, McDonald, & Ingram, 2001). The 
total score of the PAS showed excellent internal consistency in this sample (# = .91). 
Parents of children aged 7 and 8 years completed the SCAS, a parallel measure for 
older children. The SCAS has 38 items answered on a four point Likert scale of 0 (never) to 3 
(always) (minimum = 0, maximum = 114). The SCAS  has good psychometric properties 
(Nauta et al., 2004; Spence, 1998) and showed excellent internal consistency in this sample 
(# = .90). 
Child Behaviour Questionnaire – Effortful Control Scale (CBQ-EFC; Rothbart, Ahadi, 
Hershey, & Fisher, 2001). 
The Children’s Behaviour Questionnaire is a parent report measure that assesses the 
temperament of children aged 3 to 7 years old (CBQ; Rothbart et al., 2001). The CBQ is 
made up of three factors, one of which is a 47 item Effortful Control Scale consisting of the 
subscales low intensity pleasure, inhibitory control, perceptual sensitivity and attentional 
focusing (Rothbart et al., 2001). In this study, the five-item attention shifting subscale was 
also added to the Effortful Control Scale. This subscale has shown good internal consistency 
when combined with attention focusing and inhibitory control to assess effortful control 
(Eisenberg et al., 2007). Therefore, parents answered only a 52-item scale of Effortful 
Control derived from the CBQ on a Likert scale of 1-7 (1 = extremely untrue, 7 = extremely 
true, or 8 = not applicable; minimum = 52, maximum = 364). Higher scores indicate more 
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effortful control. In this sample, internal reliability was excellent for the total 52 items of 
Effortful Control Scale (# = .89). 
The Autism Spectrum Quotient: Children’s Version (AQ: Child; Auyeung, 
Baron-Cohen, Wheelwright, & Allison, 2008).  
The AQ: Child is a 50 item parent report measure of autistic traits, which has good 
psychometric properties (Auyeung et al., 2008). Parents are asked to rate each item indicating 
the extent to which they agree or disagree with the statements about their child using a four-
point Likert scale (0 = definitely agree to 3 = definitely disagree). The higher the score the 
more autistic-like traits (minimum = 0, maximum = 150). The full scale showed good internal 
consistency in this sample (# = .83).  
Measures: Child completed  
The Wechsler Preschool and Primary Scale of Intelligence (WPPSI-IV).  
The Wechsler Preschool and Primary Scale of Intelligence (WPPSI-IV) is an 
individually administered standardised test of cognitive development for children 2 years 6 
months to 7 years 7 months. The WPPSI is administered using a standardised manual and is a 
highly reliable and valid measure of child general intelligence (Weiss, Keith, Zhu, & Chen, 
2013). The individual scales, rather than the full test, of the WPPSI have been previously 
used for research purposes (for example, Bernier, Beauchamp, Bouvette-Turcot, Carlson, & 
Carrier, 2013). In this study only two individual scales were completed. The scales of 
vocabulary acquisition and non-verbal abilities were used to assess child verbal and non-
verbal cognitive abilities, specifically: verbal comprehension and block design respectively. 
Age equivalence was used as a metric of verbal and non-verbal cognitive abilities. To 
facilitate comparison between participants we chose to use the WPPSI-IV with the entire 
sample, despite some being aged above 7 years 7 months. Eight participants were aged above 
7 years 7 months and scored at the highest age equivalence. This means that their scores may 
be slightly underestimated.  
Interpretation bias task: Ambiguous Tones Task.  
Stimuli. To create the tones, three frequencies were selected (low, middle, high), with 
the middle frequency being the exact mid-point of the high and low frequency. Five computer 
generated instruments (a guitar, a piano, a saxophone, strings and a Wurlitzer) were then used 
to play each of the three tones using Logic Studio 9 (2007). An independent group of 40 
children (28 females) aged 4 to 8 (Mage = 6.78, SD = .77) rated the three sets of tones using a 
5 point Self Assessment Manikin (SAM) rating scale from very happy to very angry. The 
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high tones (M = 3.81, SD = .40) were judged to be more positive (happy) than the low tones 
(M = 2.41, SD = .95; t(39) = 6.76, p < .001, d = 1.75) and the ambiguous tones (M = 2.89, SD 
= .65; t(39) = 6.32, p < .001, d = 1.45). The low tones were judged to be more negative 
(angry) than the ambiguous tones (t(39) = -2.96, p = .005, d = .59). No difference was found 
between the mean rating given for the ambiguous tones and a neutral rating on the SAM scale 
(3) (t(39) = -1.08, p = .288). The type of instrument used to play the tones was not associated 
with children’s valence ratings, reaction time or trait anxiety score. 
An image of a space captain with his thumb up (seen during the breaks in the 
experimental phase; see below), an alien expressing a happy face, and an alien expressing an 
angry face were produced. The alien expressing happiness and anger were identical except 
for facial expression (see Figure 1). All images were created using Adobe Photoshop and 
Illustrator for the purpose of this study.  
Design and procedure of the task. Parents remained in the room with the children 
throughout the task but sat out of the child’s line of sight. The task was created in Eprime 2.0 
(Psychology Software Tools Inc., 2012) and had three stages: introduction, learning and 
assessment. See Figure 2 for a schematic representation of the three stages. 
Introduction phase. Children were introduced to the task as ‘A special job for the 
Captain of a space ship’. They were told that the Captain ‘Wants to know whether the alien 
coming towards the spaceship is angry or happy; We can tell this by the sound they make.’ 
Children were told that the Captain wanted them to learn which sounds the alien makes when 
it is happy and when it is angry. At this stage the child was given headphones to wear, the 
picture of the ‘happy’ alien was displayed, and the high pitch tones were played. Next the 
picture of the ‘angry’ alien was displayed, and the low-pitched tones were played. 
Afterwards, children were asked if they could tell that the tones were different when the alien 
was happy compared to angry and they were asked how they were different. Children could 
hear the tones again or move on to the learning phase if it was clear they understood.  
Learning phase. The learning phase included only trained tone (TT) blocks, which 
had 10 trials followed by a break. Each trial began with a wait of 6400ms-6500ms (jittered) 
during which the experimenter counted to five in the first 5000ms. After the wait period was 
complete a tone was played for 250ms while the child saw a space scene on the computer. 
The child was asked to state verbally whether they thought the tone belonged to a ‘angry’ or 
‘happy’ alien. During the training block no ambiguous tones were presented.  The 
experimenter recorded the child’s response on a mouse which then triggered on-screen 
feedback stating ‘You’re right’ and a green tick, or ‘Ooops’ and a red cross for 1000ms. The 
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alien associated to the tone they had just heard was then displayed to provide further 
feedback. The five-high pitched and five-low pitched tones were played in each TT block in a 
randomised order. If the child had more than 60% of trials correct in one TT block the 
experimenter would ask the child if they would like to move on or do another TT block. If the 
child had fewer than 60% correct over one TT block the experimenter encouraged the child to 
do another block until they got more than 60% correct. The task was terminated if the child 
completed four blocks without getting more than 60% correct. Once the child achieved more 
than 60% correct on a block and said they were ready to move on they progressed to the 
assessment phase. 
Assessment phase. This consisted of alternating one experimental block (EX) with 
one TT block. TT blocks were identical to the description given above in the Learning phase. 
An EX block consisted of seven or eight trials. Trials were the same as TT trials, but no 
feedback was given, and a blank screen was seen between the trials. Within each EX block 
five ambiguous tones (i.e. mid frequency) were presented with two or three trained tones (i.e. 
high and low frequency). The order of trials within blocks was randomised. Children could 
complete up to four EX blocks and four TT blocks in the assessment phase. The TT blocks 
were included in the assessment phase to maintain the learnt associations between the tones 
and the ‘happy’ and ‘angry’ aliens. Before starting each EX block children were told that this 
time the computer would not tell them if they were getting the answers right or not but that if 
they were doing a good job they would see the captain with his thumb up at the break. During 
breaks children always saw the captain with his thumb up for motivation. The task ended 
when the child had completed four experimental blocks or if the child stated that they did not 
wish to continue. 
Procedure   
The study had ethical approval from the University of Reading Ethics Committee (ref: 
2014-025-HD). Participants attended a research session on campus during which the 
interpretation bias task and questionnaires outlined above were completed. During the same 
session participants also completed an eye-tracking task, the findings of which will be 
reported separately (Stuijfzand, Stuijfzand, Reynolds & Dodd, in preparation.). In addition, 
we also collected the following data, which we have no plans to publish: maternal anxiety; 
interpretation of ambiguous scenarios (for 7 and 8 year olds only); skin conductance response 
(SCR). The SCR data was not analysed because of poor data quality due to difficulty getting 
a good connection on children with small fingers and movement artefacts. 
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At the start of the session parents provided written consent and the child provided 
verbal assent to participate. Parents then completed questionnaires while the child completed 
their tasks. The order in which the children completed the tasks was based on how settled the 
child was but generally the children completed the eye-tracking task, the WPPSI subtasks and 
then the interpretation bias task. On completion of all the tasks the parent was given a debrief 
sheet further explaining the purpose of the study and £5 towards travel expenses. All children 
received a certificate, stickers and a token prize for their co-operation and time.  
Recording Physiological data 
All physiological data was recorded using ADI Power Lab 8T, with an Octal Bioamp 
(AD Instruments, Australia) and acquired using Lab Chart 7.0 (AD Instruments, Australia). 
Facial Electromyography (fEMG). 
Prior to starting the fEMG recording, small stickers were placed on the face of the 
child and the experimenter to help the child to understand where the electrodes would be 
placed. Once the child provided assent, the areas above the child’s left eyebrow and the 
middle of the forehead were cleaned with 70% alcohol prep pads (Professional Disposables, 
Inc., USA TD-230) and left to dry for five minutes to reduce impedance. Bipolar sensors 
were then placed above the eyebrow to measure corrugator activity, with the reference 
ground placed on the forehead using 4mm Ag/AgCl EMG surface sensors (Discount 
Disposables, USA) on 5 mm collars filled with isotonic electrode gel. Children were asked to 
make facial expressions (angry, happy, and surprised) as a check to ensure signal from the 
sensors was adequate and placement was accurate.  
Offline the fEMG signal was filtered using a 50Hz notch filter to remove electrical 
noise, and a band pass filter (500 – 10 Hz) was applied. The signal was rectified, and a 
logarithmic transformation applied. The signal was then visually checked for signal quality 
and movement. The trial data was excluded if: the checks for facial expression movement 
were not visible in the signal; the sensor lost contact with the skin; the signal proved to be 
three standard deviations above or below the mean signal. As described in the procedure 
children counted down from five to one before stimulus onset. In fact, this countdown 
window was 6400-6500ms (jittered). This was done to ensure that the countdown occurred in 
the first 5000ms leaving at least an extra 1400ms for any fEMG response to the countdown to 
have resolved before onset of the tone. Plots of fEMG activity following tone onset were 
created and visually inspected to determine the window in which the peak response to the 
tone would be best captured. Following this, the response window was taken as the first 
INTERPRETATION BIAS AND ANXIETY IN YOUNG CHILDREN 12 
300ms after onset of the tone. 
Area under the curve was calculated from stimulus onset to 300ms post stimulus onset 
using the integral function in Lab Chart 7.0 (AD Instruments, Australia).  
Statistical Analysis Plan 
Multilevel modelling was used to analyse data from the training trials and 
experimental trials from the assessment phase. This was done to address the nested nature of 
the data: trials within children, and children within families (note some participants were 
siblings; Field & Wright, 2011). Also children varied in the number of trials they completed 
on the interpretation bias task (10-20; Hox, 2010; Hox, Moerbeek, & van de Schoot, 2010) 
and the anxiety groups were not of equal size. Multi-level analysis has less restrictive 
assumptions of variance and a balanced design (Field & Wright, 2011; Hox, 2010a). The 
study was adequately powered for this type of analysis with more than 50 participants having 
valid responses to 10 or more trials involving ambiguous tones on the interpretation bias task 
(Bell, Morgan, Kromrey, & Ferron, 2010; Maas & Hox, 2005; Snijders, 2005). We also 
restricted our multi-level models to including random intercepts, thus random slopes were not 
included to maximise the available power for moderation analyses.  
Two multilevel models were created to investigate the behavioural data: Model A 
investigated the influence of anxiety, age and effortful control on children’s accuracy in the 
TT in the assessment blocks; Model B investigated whether anxiety, age and effortful control 
affected responses to the ambiguous tones and whether anxiety interacted with either age or 
effortful control to predict responses. In models A and B, the dependent variables were 
binary, so logistic regressions were used and therefore model change in variance explained 
by each level was not meaningful and is not commented on.  
Two parallel models were created to investigate corrugator activity during the task. 
Model C investigated the influence of anxiety, age and effortful control on corrugator activity 
in relation to angry and happy responses during the TT in the assessment blocks. Model D 
investigated the influence of anxiety, age and effortful control on corrugator activity in 
relation to angry and happy responses to ambiguous tones and whether anxiety interacted 
with either age or effortful control to predict corrugator activity to ambiguous tones. Psycho-
physiological data resulted in continuous dependent variables therefore standard multi-level 
models were used. 
Data was processed and analysed using R studio version 1.0.153 (R Core Team, 
2015). R packages lme4 (Bates, Maechler, Bolker, & Walker, 2015), Pastecs (Grosjean & 
Ibanez, 2014) and VGAM (Yee, 2014) were used to conduct the analysis. For each model, 
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the first step involved creating two random intercept models: 1) where the intercept was 
allowed to vary between participants (i.e., a two level random intercept model), 2) where the 
intercept was allowed to vary between both participants and families (i.e., a three level 
random intercept model). Using a likelihood ratio test, these models were compared against 
each other, as well as to a single level linear regression model. This, in combination with 
examining how much variance was accounted for at each level, was used to establish the 
appropriate model for each analysis. 
Once the appropriate model had been established, predictors were added such that six 
models were compared (see Table 1).  
Each model was compared to the random intercept model using the likelihood ratio 
test to assess whether adding predictors improved model fit. Should the model not show 
improvement the simplest model was retained i.e. the random intercept model. If a model 
improved model fit, subsequent models were then compared to this improved model and so 




Of the 97 children who learnt the associations between the frequency of the tone and 
the ‘happy’ and ‘angry’ aliens, 73 children had 10 or more valid trials involving the 
ambiguous tones. Reasons for not having enough valid trials included a technical difficulty 
with Eprime that led to data loss (16 participants), the remainder did not complete enough 
experimental blocks or did not provide responses to enough trials. There were no differences 
between those with 10 or more valid trials and those who had fewer than 10 valid trials on 
age (t(95) = -.993, p = .323), anxiety group ($"(1) = .105, p = .746), or gender ($"(1) = .083, 
p = .773) and in percentage correct that children achieved in their final practice block (t(95) = 
-4.70, p = .600).  
Table 2 shows the mean proportion of ambiguous tones the children reported as 
‘angry’ (negative). The proportion of ambiguous tones reported as negative was significantly 
different from 50% in a one sample t-test (t(72) = 3.02 p = .002, d = .71) with a medium 
effect. This indicates that all children had a bias towards reporting ambiguous tones as 
negative.  
After data pre-processing and cleaning, 62 children had valid data on the fEMG 
measure for analysis. There were no differences in age (t(71) = 1.574, p = .120), anxiety 
INTERPRETATION BIAS AND ANXIETY IN YOUNG CHILDREN 14 
group ($"(1) = .243, p = .622), or gender ($"(1) = 2.296, p = .130) and in percentage correct 
that children achieved in their final practice block (t(71) =   -.431, p = .622) between those 
with or without valid data. Table 2 shows the descriptive statistics of the fEMG data for both 
the TT and ambiguous tones from the assessment phase.  
Differences between high anxious and low anxious groups.    
Descriptive statistics for high and low anxiety groups can be found in Table 2. These 
means are reported purely for descriptive purposes. Comparison of groups using these means 
is not appropriate given the clustered nature of the data and the difference in trial numbers 
between participants. Instead, these differences are investigated in the multi-level analyses. 
There was no age difference (t(71) = -0.155 p = .877) or gender difference ($"1) = 0.002 p = 
.962) between anxiety groups. However, the high anxious group had lower levels of effortful 
control than the low anxious group (Mann Whitney U = 870, p = .0045) (see Table 2). 
Anxiety groups also differed on total autistic quotient scores, with the high anxious group 
having more autistic traits than the low anxious group (see Table 2) with a large effect size 
(t(68) = 3.55, p = .0007, d = .86). There were no other significant differences between 
children with high anxiety and those with low anxiety symptoms. The autistic quotient score 
is included as a covariate in all analyses.  
Did children maintain learning?  
Table 3 shows that, on average, children were able to correctly identify more than 
60% of the tones throughout the TT blocks in the assessment phase of the task. This was 
maintained on average across all experimental blocks (Table 4) and by children in both 
anxiety groups. Table 3 also indicates that over 70% of all children, in both the anxiety 
groups maintained their accuracy over the 60% threshold in each block and across all blocks. 
These results provide evidence towards satisfying criterion 1, of whether this task was 
appropriate for assessing interpretation bias in our sample. 
Behavioural Data 
Multilevel analysis Model A: trained tones. 
The first multi-level analysis (Model A) focused on the influence of anxiety and 
developmental proxies on accuracy in the TT blocks in the Assessment Phase. Here the 
dependent variable was accuracy (accurate or not accurate). Following the steps described in 
the data analysis plan a two-level model (trials within participants) was accepted as the 
appropriate analysis for the data and Model 6 was selected as the final model. The tests and 
decision making processes to arrive at this model can be found in Appendix 1 along with the 
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coefficients, variance and model fit statistics for each of the models.     
The results of the final model can be seen in Table 4. In the final model the only 
predictors influencing accuracy on the practice trials are the linear and quadratic age terms, 
with small effects (Chen, Cohen, & Chen, 2010). The positive coefficient indicates that, at 
the average of all other variables, as age increases, the likelihood of the child being accurate 
increases (Table 4). The negative quadratic term of age suggests that accuracy initially 
increases quickly with age but slows towards the older ages in the range (Table 4). There was 
no evidence that anxiety, non-verbal or verbal cognitive abilities or age or effortful control 
affected performance on the trained tones. These results contribute towards evidence for 
criterion 2 of whether this task was appropriate for assessing interpretation bias in our 
sample. 
Multilevel analysis Model B: ambiguous tones 
In the second multi-level analysis (Model B) the dependent variable was whether the 
participant reported the ambiguous tones as happy or angry per trial. This analysis was to test 
the hypothesis that children high in anxiety will be more likely to report the ambiguous tones 
as ‘angry’ than low anxious children and to examine the moderating effect of age and 
effortful control on the relationship between attention bias and anxiety. Following the steps 
described in the data analysis plan, a two-level model (trials within participants) was 
accepted as the appropriate analysis for the data and Model 6 was selected as the final model. 
The tests and decision-making processes to arrive at this final model can be found in 
Appendix 2 along with the coefficients, variance and model fit statistics for each of the 
models.     
The final model results are shown in Table 5. In the final model, in the presence of the 
other predictors, anxiety was a significant predictor of interpretation bias (i.e. negative 
classification of the ambiguous tone (B = .42, OR = 1.53, STDerror = .21, CI(95%) = 1.00 – 
2.35 , p = .05). The positive coefficient of the level of anxiety indicates that those with high 
anxiety were more likely to interpret the ambiguous tone as negative (Chen et al., 2010). Age 
and effortful control did not moderate the relationship between responses to ambiguous tones 
and anxiety. Verbal and non-verbal cognitive abilities were included in the final model but 
did not predict responses to the ambiguous tones; thus satisfying criterion 3 of whether this 
task was appropriate for assessing interpretation bias in our sample. 
Psychophysiological Data: fEMG 
Descriptive statistics for corrugator activity in response to the trained and ambiguous 
tones can be found in Table 6.  
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Multilevel analysis Model C: trained tones. 
This analysis was conducted on the fEMG data from the TT blocks in the Assessment 
Phase (Model C). The intention of this analysis was to test the hypothesis that there would be 
more corrugator activity when children hear tones that they associate with an angry alien than 
tones they associate with a happy alien. For this analysis, participants’ responses to trained 
tones (whether the tone was reported as ‘angry’ or ‘happy’) or the valence of the tone 
(whether the tone was trained to be classified as ‘angry’ or ‘happy’) could have been included 
as predictors of corrugator activity. As expected, response and tone valence were 
significantly correlated (r = .63, p <.001). Given this, for Model C, two sets of models were 
created where valence and response were entered as level 1 predictors respectively. Only the 
model with response as a predictor included any significant predictors. For brevity this model 
is reported but the models investigating valence as a level 1 predictor can be found in 
Appendix 3.   
 Following the steps described in the data analysis plan Model 6 was selected as the 
final model. The tests and decision-making processes to arrive at this final model can be 
found in Appendix 3 along with the coefficients, variance and model fit statistics for each of 
the models. Only “Response” was a significant predictor of corrugator activity to the trained 
tones, with a small effect ( b= .0006, B = .048, STDerror = .0003, CI(95%) = 1.00 – 1.001, t 
= 2.17,  p = .03). When the child reported the tone as coming from an alien who was ‘angry’ 
there was greater corrugator activity. Anxiety group and developmental proxies had no 
significant influence on corrugator activity to the trained tones.  
Multilevel analysis Model D: ambiguous tones 
This analysis was conducted on the fEMG data from the ambiguous tones (Model D). 
The intention of this analysis was to test the hypothesis that children in the high anxious 
group would show more corrugator activity when presented with the ambiguous tones, 
possibly indicating a negative bias. Following the steps described in the data analysis plan 
Model 5 was accepted as the final model. The results are shown in Table 8. The tests and 
decision-making processes to arrive at this final model can be found in Appendix 4 along 
with the coefficients, variance and model fit statistics for each of the models. Within this 
model none of the individual predictors reached significance (see Table 8). This indicates that 
corrugator activity in response to the ambiguous tones was not influenced by whether the 
child said it was happy or angry, their level of anxiety, age or effortful control.  
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Discussion 
Cognitive models of anxiety propose that dysfunctional cognitions may play a 
predisposing, causal or maintaining role in anxiety (e.g. Bar-Haim et al., 2007; Beck  & 
Clark, 1997 ; Eysenck, 1997). There is convincing evidence that anxiety is associated with an 
interpretation bias such that anxious individuals are more likely to interpret ambiguity in a 
threat-related way (Stuijfzand et al., 2017). However, due to limitations with existing 
methods, research examining interpretation bias in young children is scarce. Consequently, 
the first aim of the present study was to develop a novel task for assessing interpretation bias 
in children aged 4 to 8 years and to assess whether the task was appropriate for this age 
group. At the outset, we set three criteria for evaluating whether the task was appropriate, 
based on performance with the trained tones. The first was that children could correctly 
classify >60% of the trained tones accurately and maintain this level of performance 
throughout the task. The results indicated that most children (75%) could do this and that this 
level of performance was maintained throughout the task. The second criterion was that 
performance on the trained tones should not be dependent on anxiety, verbal or non-verbal 
cognitive abilities, age or effortful control. This criterion was partially met: whether children 
initially learned the associations was not related to age, gender level of anxiety, verbal or 
non-verbal cognitive abilities or effortful control. However, older children performed better 
on the trained tones during the assessment phase than younger children. The third criterion 
was that performance on the ambiguous tones should not be related to verbal and non-verbal 
cognitive abilities. This was supported: multi-level analyses showed that neither verbal nor 
non-verbal cognitive abilities significantly predicted responses to ambiguous tones.  
Our second aim was to assess whether corrugator activity provided a physiological 
measure of children’s valence appraisal of ambiguity. Again, focusing on the trained tones, 
we anticipated, based on previous research that children would exhibit more corrugator 
activity to the trained tones they classified as belonging to the alien when angry when 
compared to the trained tones they classified as belonging to the alien when happy. This was 
supported and is in line with Dimberg (1990) and Tan et al (2012) who also found that 
corrugator activity reflected participants’ subjective experience of the stimuli. Corrugator 
response to trained tones was not predicted by age, gender, verbal or non-verbal ability, 
effortful control or anxiety. This provided a solid foundation for using the corrugator to 
explore responses to ambiguous tones.  
Given that the task appeared to be appropriate for this age group, we then assessed 
children’s behavioural and physiological responses to ambiguous (i.e. mid frequency) tones. 
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Overall, this sample of children had a slight bias to interpret the ambiguous tones as negative 
(angry). It was hypothesised that children with high anxiety will be more likely to report the 
ambiguous tones as ‘angry’ than low anxious children. Additionally, it was expected that 
children in the high anxious group would show more corrugator activity when presented with 
the ambiguous tones, possibly indicating a negative bias. These hypotheses were not strongly 
supported. Multi-level analysis of responses to ambiguous tones indicated that children with 
elevated anxiety were more likely to interpret an ambiguous tone as angry than children who 
were not anxious, but this effect was small and only significant when age and effortful 
control were added to the model. Although this supports hypothesised associations between 
anxiety and interpretation bias, we should be cautious in interpreting our results as 
convincing evidence for an association in young children. In line with this, it is plausible that 
the addition of developmental proxies to the model simply accounted for enough variance to 
push the difference between anxiety groups over the significance threshold. It is therefore 
also plausible that had different predictors (not related to development) been added to the 
model they may have had the same effect. Thus, we cannot state that only in the presence of 
developmental variables did the differences between anxiety groups become evident.   
For corrugator activity to ambiguous tones, there was no evidence that anxiety was a 
significant predictor. Importantly, corrugator activity did not align with the response the 
children made to ambiguous stimuli (angry/happy), which is inconsistent with the findings 
for the trained tones and previous research. For example, Tottenham et al. (2013) found the 
corrugator to be a physiological index of children’s appraisal of ambiguous stimuli.  
In summary, the results provide some indication for an anxiety-linked interpretation 
bias in the behavioural data but there was no evidence for this bias in the physiological data. 
There are a number of possible explanations for this inconsistency. First, our results may 
indicate that interpretation bias is present at a behavioural level but is not reflected in internal 
reactions. This could occur because there is no actual threat within the context of the task. 
The children are old enough to understand that the aliens are make-believe and so an angry 
alien poses no objective threat. It seems feasible that this could lead to them categorising the 
aliens as angry without necessarily feeling threatened by them. This inconsistency in 
behavioural and physiological data contrasts with previous research that did find a 
correspondence between subjective and physiological responses (Tottenham et al., 2013). 
However, in their study Tottenham et al. (2013) used faces and had a greater age range of 
participants (6 to 17yrs). It is possible therefore that the difference in findings across studies 
is due to our use of auditory stimuli or the age range of participants. While previous work has 
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shown no differences in corrugator activity to standardised visual and auditory stimuli in 
adults (Zhou, Qu, Jiao, & Helander, 2014), we do not know whether corrugator activity 
differs across stimuli of different modalities in children. It is possible that the corrugator 
activity to the ambiguous tones may reflect confusion rather than the child’s valence 
appraisal of the ambiguous tones. However, if this was the case we would expect greater 
corrugator activity across the ambiguous tones in comparison to at least the trained tones 
reported as positive, and possibly the trained tones reported as negative. A post hoc check of 
the means across tone type confirmed that this was not case1. While we have no evidence that 
corrugator activity to the ambiguous tones reflects confusion, our analysis cannot fully rule it 
out. Furthermore, the greater familiarity of faces over tones may also explain why Tottenham 
et al. (2013) found correspondence between responses to ambiguous stimuli and corrugator 
activity, when we did not. It seems possible that the visual representation of the alien when 
happy and angry may have provided a visual bolster for the trained tones, resulting in the 
greater corrugator response than for the ambiguous tones, which were never paired with a 
visual emotional stimulus.  
The role of development on the relationship between anxiety and interpretation bias in 
young children is still unclear. We found that development confounds behavioural responses 
to ambiguous tones, which suggests that development does play a role in how the relationship 
between interpretation bias and anxiety unfolds. However, whilst adding the developmental 
proxies significantly improved model fit, the main effect and interaction terms of age and 
effortful control were not significant predictors. Field and Lester (2010) concluded that the 
role of development best fitted an acquisition model for interpretation bias, i.e. that cognitive 
biases emerge alongside social, emotional and cognitive development. Anxiety may therefore 
be a cause or a consequence of the biases. The recent meta-analysis of Stuijfzand et al. (2017) 
supported a moderation model but concluded that more work with young children is required. 
The present research does not support the moderation or the acquisition model. We showed 
that children aged 4 – 8 years interpreted the ambiguous tones as negative; there were small 
differences between children with high and low anxiety and these were only significant after 
developmental proxies were accounted for. Ambiguous tones were interpreted as negative 
(angry) under 60% of the time. This was statistically different from 50% (i.e. chance) and 
thus taken to indicate a bias. This might suggest that in young children an interpretation bias 
is emerging. However, this could also support a moderation model. Having a clearer idea of 
                                               
1 ambiguous (M = .00065), happy (M = .00016) and angry (M = .00071)  
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how development influences the relationship between interpretation bias and anxiety in 
young children would help separate these models. Future research may benefit from 
considering development over a longer time frame and/or including other developmental 
factors, not assessed here.  
This study has three limitations relating to the sample recruited. First, the children 
allocated to the elevated and low anxiety groups could have been more distinct. This may 
have highlighted larger group differences in behavioural and psycho-physiological data. In 
our sample high anxiety was defined as 1SD above the reported normed mean and low 
anxiety was defined as below the normed mean. This difference in criteria between the 
groups resulted from difficulty in recruiting children for the low anxiety group when the cut-
off was initially set at 1SD below the mean. This is likely due to the positive skew of anxiety 
symptoms in community populations. Furthermore, this dichotomisation of a continuous 
variable (parent-reported anxiety) to create anxiety groups might obscure effects seen with 
continuous measures. Any distinction may be further amplified if samples included children 
with a diagnosis of an anxiety disorder, where it is reasonable to hypothesise that 
interpretation bias may be more negative. Second, the recruitment into the study may have 
attracted parents who were interested in anxiety or because they were concerned about 
anxiety in their child meaning that the sample may not be representative of the general 
population. Finally, while the original sample size was reasonable, fewer participants could 
be included in the final analysis and this may have meant that power was too low to 
adequately test moderation by age and effortful control.  
A further limitation is that we were not able to evaluate the test-retest reliability of the 
task to evaluate stability. This will be important for future research because stability over 
time is required if the task is to be used within investigations that aim to link cognitive biases 
to other lower levels of analysis such as brain functioning or genetics. Another important 
focus for future research will be using a longitudinal design to better understand how 
developmental processes are implicated in the relationship between interpretation bias and 
anxiety in young children. This may help identify the role of potentially important processes 
that change across early childhood, such as effortful control. Such a design would also help 
clarify when and how interpretation biases and anxiety concerns emerge, in what order the 
relationships emerge, and provide partial support for causal mechanisms in anxiety.  
In this study we have presented a developmentally sensitive paradigm to assess 
interpretation bias in children aged 4-8. We have also assessed the validity of a physiological 
measure of interpretation bias in young children, fEMG by comparing it to a behavioural 
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measure. Our results indicate that the new paradigm can be used to assess interpretation bias 
in young children. The behavioural data indicated that high anxious children are more likely 
to interpret ambiguous tones as negative but this effect is only significant once developmental 
proxies have been statistically accounted for. The physiological measure, corrugator activity, 
reflected children’s subjective experience of the tones but did not distinguish or indicate 
ambiguous tones. Therefore, we did not find that the corrugator was a valid physiological 
marker of children’s appraisal of valence-ambiguous stimuli. Results highlight the 
importance of considering development in both design and analysis of investigations of 
interpretation bias and anxiety in children as well as encouraging more consideration of 
theories of anxiety that consider a role for development. 
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Table 1. 
Details of Level 1 and 2 predictors included in each of the six models 
Model Level 1 predictors Level 2 predictors 
Model 1 Valence (happy or angry 




Autistic Quotient  
 








Model 4 As Model 1 Model 2 +  
Effortful control 
 
Model 5 As Model 1 Model 4 + 
Anxiety*Effortful Control 
 
Model 6 As Model 1 Model 4+ 
Non-verbal ability 
Verbal ability  
Note. Age2 was included to allow for assessment of a quadratic influence of age as the 
influence of development may not be linear. Interactions were included to investigate 
moderation. Dummy variables were created for binary variables. For the variables level of 
anxiety, valence, response, and accuracy the reference categories were the low anxious 
group, positive, ‘happy’ and ‘not accurate’. All continuous predictors were grand-mean 
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Table 2. 
Descriptive statistics for variables of interest by anxiety grouping 
Variables 
Total 
(N = 73) 
High 
Anxious group 
(N = 46) 
Low Anxious 
Group 
(N = 27) 
Mean  SD Mean SD Mean SD 
Age 5.86 1.42 5.84 1.35 5.89 1.55 
AQ total 65.33 18.54 71.09* 14.80 56.15* 20.39 
ECS total 4.58 1.02 4.38* 1.14 4.91* .68 
Non-Verbal 5.65 1.28 5.61 1.31 5.71 1.25 
Verbal  5.89 1.27 5.73 1.25 6.15 1.30 
Prop. Ambiguous 
Tones Negative 
56.01 19.58 58.04 20.67 52.36 17.21 
* difference between groups p>.05. The AQ total = Total score of Autistic Quotient 
score. ECS total = Total score of the Effortful Control Scale. Prop. Ambiguous Tones 
Negative =proportion of Ambiguous tones reported as Angry ‘Negative’. Non-Verbal 
= Age equivalence on non-verbal cognitive ability task. Verbal = Age equivalence on 
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 Table 3. 
Average accuracy across participants per block on Trained Tones within the TT blocks of Assessment Phase and within the 
EX blocks of the Assessments separately, split by Anxiety 
 
Total Sample High Anxious Low Anxious 
N M (SD) %* N M (SD) %* N M (SD) %* 
TT blocks Assessment Phase 
block 1 72 75.15 (18.93) 74.5 45 74.07 (19.42) 68.3 27 76.95 (18.30) 85.3 
block 2 47 81.74 (17.73) 82 32 80.42 (14.87) 78 15 84.55 (23.04) 90 
block 3 33 75.18 (16.75) 82.1 20 74.65 (17.28) 84 13 75.98 (16.57) 78.6 
block 4 6 76.48 (22.38) 75 4 79.72 (26.95) 83.3 2 70 (14.14) 50 
EX Blocks Assessment Phase 
block 1 73 74.20 (31.43) 74.2 46 72.46 (33.19) 71 27 77.16 (28.55) 80 
block 2 71 79.11 (31.71) 78.5 45 81.11 (32.10) 74.6 26 75.64 (31.35) 85.3 
block 3 46 77.17 (32.65) 73.7 31 74.73 (34.12) 70.5 15 82.22 (29.86) 79.4 
block 4 32 79.17 (29.33) 77.4 19 74.56 (33.04) 74.6 13 85.90 (22.41) 82.4 
All blocks 73 76.85 (24.26) 78.9 46 76.71 (24.93) 73.8 27 77.11 (23.55) 88.2 
Note. TT = Trained Tones Blocks, EX = Experimental Blocks. Min = minimum average percentage accuracy, Max = 
maximum average percentage accuracy.  
*Percentage who achieved over 60% accuracy 
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Table 4 
Final Multi-level Model predicting performance accuracy on the TT blocks from the 
assessment phase (Model A:6) 
Fixed Effects Estimate Standard Error 95% CI Z p 
Valence .13 .12 91 - 1.44 1.13 0.26 
Anxiety grouping -39 .24 .41 - 1.08 -1.65 0.10 
AQ .01 .01 1.00 - 1.92 1.40 0.16 
Age .36 .14 1.08 - 1.92 2.48 0.01 
!"#$ -.17 .07 .73 - .98 -2.22 0.03 
Effortful Control .11 .17 .80 - 1.57 0.66 0.51 
Non-Verbal Cog  .11 .13 .87 - 1.44 0.87 0.38 
Verbal Cog .03 .11 .83 - 1.29 0.30 0.76 
Random Effects Variance     
Intercept .46     
Note. Non-Verbal Cog = Non-verbal cognitive abilities; Verbal Cog = verbal cognitive 
abilities.  
R model equation: practice accuracy ~ valence + anxiety group + Autistic Quotient Total + 
Age + !"#$ + Effortful Control Scale + Age equivalence on Block Design + Age 


















Final multi-level model investigating children’s responses to ambiguous tones in the assessment phase (Model 
B:6) 
Fixed Effects Estimate (OR) Standard Error 95% CI Z p 
Anxiety grouping .42 (1.53) 0.21 1.00 - 2.35 1.98 0.05 
AQ .005 (1.01) 0.01 .99 - 1.02 0.85 0.40 
Age .01 (1.01) 0.13 .78 - 1.32 0.11 0.91 
!"#$ .08 (1.09) 0.07 .95 - 1.25 1.19 0.24 
Effortful Control -0.01 (.99) 0.15 .73 - 1.36 -0.05 0.96 
Non-Verbal Cog  -0.05 (.95) 0.12 .76 - 1.20 -0.42 0.68 
Verbal Cog 0.11 (1.11) 0.10 .91 - 1.36 1.05 0.29 
Random Effects Variance     
Intercept .30     
Note. Non-Verbal Cog = Non-verbal cognitive abilities; Verbal Cog = verbal cognitive abilities. 
R model equation: response ~ anxiety group + Autistic Quotient Total + Age + !"#$ + Effortful Control Scale + 
Age equivalence on Block Design + Age equivalence on Receptive Language + (1 | id) 
 
Table 6. 
Descriptive Statistics from Corrugator activity (fEMG), assessed via Area Under the Curve 
(mV,) by Total Sample and by Anxiety Group 
 Total Sample High Anxious Low Anxious 
 N Mean SD N Mean SD N Mean SD 
Trained tones* 62 .0004 .002 39 .0002 .0008 23 .0008 .004 
Ambiguous Tones 62 .001 .003 38 .003 .002 24 .001 .004 
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Table 7 




Fixed Effects Estimate (B) Standard Error 95% CI t p 
 Response .0006 (.048) .0003 1.00 – 1.001 2.17 .03 
 Anxiety grouping -.0006 (-.05) .0007 .99 – 1.00 -.79 .43 
 AQ .000007 (.02) .00002 .99 – 1.00 .36 .72 
 Age -.0004 (-.09) .0004 .99 – 1.00 -.95 35 
 Age( .0002 (.07) .0002 .99 – 1.00 .87 .39 
 Effortful Control -.0003 (-.04) .0005 .99 – 1.00 -.59 56 
 Non-Verbal Cog  -.0003 (-.05) .0004 .99 – 1.00 -.61 54 
 Verbal Cog .000006 (.12) .0003 .99 – 1.00 1.77 .08 
Random Effects Variance     
 Intercept .000005     
Note. Non-Verbal Cog = Non-verbal cognitive abilities; Verbal Cog = verbal cognitive abilities. 
R model equation: Area under the curve ~ response + anxiety group + Autistic Quotient Total + Age + Age( + 





Final multi-level model investigating children’s fEMG responses to the ambiguous trials in the Assessment 
phase (Model D:5) 
Fixed Effects Estimate (B) Standard Error 95% CI t p 
Response .0009 (.04) 0.001 1.002 - 1.003 1.27 .34 
Anxiety grouping -.001 (-.07) 0.001 1.00 - 1.002 -1.32 0.20 
AQ .0001 (.01) 0.0003 1.00 - 1.001 0.20 0.85 
Age -.0005 (-.08) 0.0004 .99 - 1.00 -1.20 0.24 
!"#$ .0003 (.06) 0.0003 .99 - 1.00 .85 0.40 
Effortful Control -0.0005 (-.04) 0.0007 .99 - 1.00 -0.74 0.46 
Random Effects Variance     
Intercept .000006     
Note. Non-Verbal Cog = Non-verbal cognitive abilities; Verbal Cog = verbal cognitive abilities. 
R model equation:  Area under the curve ~ response + anxiety group + Autistic Quotient Total + Age + 
!"#$ + Effortful Control Scale + (1 | id) 
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Appendix 1: Additional Statistical Information for Multilevel analysis Model A: 
trained tones. 
Model Selection 
The multilevel model with three levels (trials within participants, within families; 
necessary as some participants were siblings) and a multilevel model with two levels (trials 
within participants), both provided a significant improvement on a single level linear 
regression model (2 levels vs 1 level : )$(1) = 117.54 p < .005 ; 3 levels vs 1 level: )$(1) = 
117.54 p < .005). There was no difference in model fit between the three and two level model 
()$(3) = .00001 p > .995). Thus, the more parsimonious two-level model (trials within 
participants) was accepted as the appropriate analysis for the data.   
The model adding valence, anxiety grouping and autistic quotient (Model 1) showed 
improvement to the random intercept model (+((2) = 85.34, p < .005). The first model to 
show improvement over Model 1 was Model 6, where age, age2, effortful control, verbal and 
non-verbal cognitive abilities were added (+((7) 21.06, p < .005) therefore Model 6 was 
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Table A1.1 
Coefficients and Model Fit Statistics for Models predicting Accuracy of Children on the Trained Tones in the Assessment Phase. 
 Model 1 Model 2 Model 3 Model 4 Model 5 Model 6  
B OR(CI) B OR(CI) B OR(CI) B OR(CI) B OR(CI) B OR(CI) 
Predictors    
































































 Age*Anx - - - - -.18 .83(.52, 
1.34) 
- - - - - - 
 Age$*Anx - - - - .14 1.15(.82, 
1.61) 
- - - - - - 
 Effortful 
Control 


















- - - - - - - - - - .03 1.03(.83, 
1.29) 
Model Fit Statistics   
 Variance .79 .73 .46 .46 . 46 .46 
 AIC 1998.3 1919.0 1901.1 1902.9 1904.7 1886.0 
 BIC 2009.7 1947.2 1940.6 1948.1 1955.6 1942.4 
 Loglik -997.2 -954.5 -943.6 -943.4 -943.4 -933 
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Note.Anx = Anxiety Grouping. 
 * p <.05, ** p <.01, *** p <.001. 
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R Model Equations for Table A1.1 
Random intercept model: practice accuracy ~ (1 | id) 
Model 1: practise accuracy ~ valence + anxiety group + Autistic Quotient Total + (1 | 
id) 
Model 2: practice accuracy ~ valence + anxiety group + Autistic Quotient Total + 
Age + Age$ + (1 | id) 
Model 3: practice accuracy ~ valence + anxiety group + Autistic Quotient Total + 
Age + Age$ + Age * anxiety group + Age$ * anxiety group +(1 | id) 
Model 4: practice accuracy ~ valence + anxiety group + Autistic Quotient Total + 
Age + Age$ + Effortful Control Scale  + (1 | id) 
Model 5: practice accuracy ~ valence + anxiety group + Autistic Quotient Total + 
Age + Age$ + Effortful Control Scale + Effortful Control Scale * anxiety group +(1 | id) 
Model 6: practice accuracy ~ valence + anxiety group + Autistic Quotient Total + 
Age + Age$ + Effortful Control Scale + Age equivalence on Block Design + Age equivalence 
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Appendix 2: Additional Statistical Information for Multilevel analysis Model B: 
ambiguous tones 
Model Selection 
Both the three-level 	('$(2) = 28.35, p < .005) and two-level models 	('$(2) = 28.35, 
p < .005) showed a significant improvement on a single level linear regression model. There 
was no difference between the two and three level models	('$(1) = .00000007, p > .005). 
Thus, the more parsimonious two-level model (trials within participants) was accepted as the 
appropriate analysis for the data.     
Model 1, where anxiety and autistic quotient were added as predictors, showed 
improvement to the random intercept model ('$(1) = 64.70, p < .005). Within this model 
anxiety did not reach statistical significance as a predictor (B = .36 , OR = 1.43 , STDerror = 
.22, CI(95%) = .94 - 1.49 , p = .10). The only model to show improvement in model fit 
beyond Model 1 was Model 6, where age, age2, effortful control, non-verbal and verbal 
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Table A2.1 
Coefficients, Standardised Coefficients and Model Fit statistics for Models predicting angry/happy judgements on Ambiguous Tones in the Assessment Phase 
 Model 1 Model 2 Model 3 Model 4  Model 5 Model 6 
















































 Age*Anx - - - - .21 1.23(.80, 
1.91) 
- - - - - - 
 Age$*Anx - - - - -.03 .97(.72, 
1.33) 
- - - - - - 
 Effortful 
Control 














- - - - - - - - - - .05 .95(.76, 
1.20) 
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 Verbal 
Cognitive Abilities 
- - - - - - - - - - .11 1.11(.91, 
1.36) 
Model Fit statistics 
 Variance .33 .31 .30 .31 .30 .27 
 AIC 1386.7 1387.7 1390.4 1389.7 1388.1 1376.7 
 BIC 1406.5 1417.4 1429.9 1424.3 1427.6 1426.0 
 Loglik -689.4 -687.9 -687.2 -687.9 -686.1 -678.3 
Note. Anx = Anxiety Grouping. * p <.05 
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R Model Equations for Table A2.1 
Random Intercept Model: response ~ (1 | id) 
Model 1: response ~ anxiety group + Autistic Quotient Total + (1 | id) 
Model 2: response ~ anxiety group + Autistic Quotient Total + Age + Age$ + (1 | id) 
Model 3: response ~ anxiety group + Autistic Quotient Total + Age + Age$ + Age * 
anxiety group + Age$ * anxiety group +(1 | id) 
Model 4: response ~ anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale  + (1 | id) 
Model 5: response ~ anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Effortful Control Scale * anxiety group +(1 | id) 
Model 6: response ~ anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Age equivalence on Block Design + Age equivalence on Receptive 
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Appendix 3: Additional Statistical Information for Multilevel analysis Model C: 
trained tones. 
 
Model Selection: Trained tones 
 Both the three-level and two-level models showed a significant improvement 
on a single level linear regression model (3 levels vs 1 level: (%&(2) = 134.37 p < .005); 2 
levels vs 1 level: (%&(2) = 134.22 p < .005). There was no difference between the two and 
three level models	()$(1) = .00000007, p > .005). Thus, the more parsimonious two-level 
model (trials within participants) was accepted as the appropriate analysis for the data.  
 Model Selection: Response 
Model 1, with response to the tones, anxiety and autistic quotient as predictors (Model 
1) showed an improvement on the random intercept model ()$(6) = 629.71, p < .001). 
However, anxiety was not a significant predictor of corrugator activity ( b= -.0006, B = -.052, 
STDerror = .0007, CI(95%) = .99 – 1.00, t = -.09,  p = .37). The next model to show an 
improvement over Model 1 was Model 6 where the main effects of age, age2, effortful 
control, non-verbal and verbal cognitive abilities were added; ()$(6) = 17.89, p < .05). 
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Table A3.1. 
Coefficients, Standardised Coefficients and Model Fit statistics for Models including Response (happy/angry judgement) and Level 2 predictors on Trained Tones 
in the Assessment Phase 
 Model 1 Model 2 Model 3 Model 4  Model 5 Model 6 































































































































- - - - - - 
 Age%
*Anx 




















 Eff - - - - - - - - .0 . - - 





















Model Fit statistics 
 Var
iance 
.000005 .000005 .000005 .000005 .000005 .000005 
 AI
C 
-13212.0 -13208.3 -13206.2 -13207.0 -13207.3 -13219.9 
 BI
C 
-13179.1 -13164.4 -13151.4 -13157.6 -13152.4 -13159.6 
 Log
lik 
6612.0 6612.1 6613.1 6612.5 6613.6 6620.9 
Note. Anx = Anxiety Grouping. * p <.05 
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R Model Equations for Table A3.1 
Random Intercept Model: AUC ~ (1 | id) 
Model 1: AUC ~ response + anxiety group + Autistic Quotient Total + (1 | id) 
Model 2: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
(1 | id) 
Model 3: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Age * anxiety group + Age$ * anxiety group +(1 | id) 
Model 4: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale  + (1 | id) 
Model 5: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Effortful Control Scale * anxiety group +(1 | id) 
Model 6: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Age equivalence on Block Design + Age equivalence on Receptive 
Language + (1 | id) 
 
AUC = area under the curve 
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Model Selection: Valence  
 These models are identical to those reported above but use the valence of the 
trained tones at Level 1 rather than participants’ responses to the trained tones. These 
analyses are not included in the main paper.  
Model 1, with valence of the tones, anxiety and autistic quotient as predictors (Model 
1) showed an improvement on the random intercept model (%$(4) = 14.63, p < .05). The next 
model to show an improvement over Model 1 was Model 2 where the main effects of age and 
age2 were added; (%$(6) = 628.79, p < .001). Model 6, including age, age2, effortful control, 
verbal and non-verbal cognitive abilities was the next model to show further improvement 
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Table A3.2. 
Coefficients, Standardised Coefficients and Model Fit statistics for Models including Valence (happy/angry tones) and Level 2 predictors on trained tones in the 
Assessment Phase 
 Model 1 Model 2 Model 3 Model 4  Model 5 Model 6 
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Model Fit statistics 
 Var
iance 
.000005 .000005 .000005 .000005 .000005 .000005 
 AI
C 
-13413.6 -13409.9 -13407.5 -13408.3 -13409.0 -134442.5 
 BI
C 
-13380.6 -13365.9 -13352.5 -13358.8 -13354.0 -13382.1 
 Lo
glik 
6712.8 6713.0 6713.3 6713.2 6714.5 6732.3 
Note. Anx = Anxiety Grouping. * p <.05 
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R Model Equations for Table A3.2 
Random Intercept Model: AUC ~ (1 | id) 
Model 1: AUC ~ valence + anxiety group + Autistic Quotient Total + (1 | id) 
Model 2: AUC ~ valence + anxiety group + Autistic Quotient Total + Age + Age$ + 
(1 | id) 
Model 3: AUC ~ valence + anxiety group + Autistic Quotient Total + Age + Age$ + 
Age * anxiety group + Age$ * anxiety group +(1 | id) 
Model 4: AUC ~ valence + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale  + (1 | id) 
Model 5: AUC ~ valence + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Effortful Control Scale * anxiety group +(1 | id) 
Model 6: AUC ~ valence + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Age equivalence on Block Design + Age equivalence on Receptive 
Language + (1 | id) 
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Both the three-level and two-level models showed a significant improvement on a 
single level linear regression model (3 levels vs 1 level: (%&(2) = 38.84 p < .005); 2 levels vs 
1 level: (%&(2) = 38.84 p < .005). There was no difference between the two and three level 
models	()$(4) = 8.37, p > .005). Thus, the more parsimonious two-level model (trials within 
participants) was accepted as the appropriate analysis for the data.  
Model 1, where response to the tone, anxiety and autistic quotient were added to the 
model, showed an improvement on the random intercept model ()$(4) = 130.26, p < .001). 
However, anxiety was not a significant predictor of corrugator activity (b= -.001, B = -.071, 
STDerror = .0001, CI(95%) = 1.00 – 1.002, t = .70,  p = .207). The next model to show an 
improvement over Model 2 was Model 4 ()$(9) = 5514.44, p < .001). Model 5 showed an 
improvement over Model 4 ()$(10) = 5514.44, p < .001) and as Model 6 did not show any 
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Table A4.1. 
Coefficients, Standardised Coefficients and Model Fit statistics associated to Models adding Response and Level 2 predictors on trained tones in the Assessment 
Phase 
 Model 1 Model 2 Model 3 Model 4  Model 5 Model 6 
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Model Fit statistics 
 Var
iance 
.00007 .000007 .000006 .000006 .000006 .000006 
 AI
C 
-5890.6 -5888.0 -5886.2 -5886.2 -5884.6 -5884.3 
 BI
C 
-5862.0 -5849.4 -5838.5 -5843.7 -5836.9 -5831.8 
 Log
lik 
2951.3 2952.1 2953.1 2952.3 2952.3 2953.1 
Note. Anx = Anxiety Grouping. * p <.05 




R Model Equations for Table A4.1 
Random Intercept Model: AUC ~ (1 | id) 
Model 1: AUC ~ response + anxiety group + Autistic Quotient Total + (1 | id) 
Model 2: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
(1 | id) 
Model 3: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Age * anxiety group + Age$ * anxiety group +(1 | id) 
Model 4: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale  + (1 | id) 
Model 5: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Effortful Control Scale * anxiety group +(1 | id) 
Model 6: AUC ~ response + anxiety group + Autistic Quotient Total + Age + Age$ + 
Effortful Control Scale + Age equivalence on Block Design + Age equivalence on Receptive 
Language + (1 | id) 
 
AUC = area under the curve 
 
 
